The influence of temperature and water activity (a,) on growth and patulin production by Byssochlamys nivea in apple syrups was determined over a 44-day incubation period. The minimum a, at which the mold was capable of growing was 0.915 and 0.886 at 21 and 30°C, respectively. Growth at 37°C was observed at 0.871 a,. Minimum a, values for patulin production were 0.978, 0.968, and 0.959 at 21, 30 and 37°C, respectively.
The genus Byssochlamys was established by Westling in 1909 with a single species, Byssochlamys nivea, until Olliver and Smith described a second species, Byssochlamys fulva in 1933 (9) . Byssochlamys species have been responsible for degradation and spoilage of processed fruit products due to the outgrowth of heat-resistant ascospores after thermal processing (4, 11) . Spoilage is manifested by the production of mycelium in fruit products and softening of processed fruit tissues.
Mold growth on food and cereal grains has gained much attention since the discovery of various mycotoxins in the past two decades. Byssochlamys species have been shown to produce several mycotoxins, including byssochlamic acid (12) , byssotoxin A (6), and patulin (5) . Patulin {4-hydroxy-4H-furo [3,2c] pyran-2(6H)-one} has been investigated extensively (14) (15) (16) ; it is highly toxic and has been shown to be carcinogenic to laboratory animals (3).
Byssochlamys species, like all microorganisms, have a minimum water activity (a,) below which no growth will occur. The minimum a, at which molds are capable of growing is approximately 0.61 (1), but the minimum a, at which B nivea will grow has been reported to be 0.84 (10) .
Temperature influences the minimum a, at which growth and subsequent toxin production by molds will occur. Aflatoxin B1 can be produced at an a, and temperature that is close to the minimum for growth, whereas patulin production by Penicillium species is restricted to a much narrower range of a, and temperature (7). Although B. nivea is capable of producing patulin in fruit juices with high a, (13) , the minimum a, at which patulin can be produced by B.
nivea in apple juice has not been reported. Experiments were therefore designed to determine the effects of temperature on the minimum a, for growth and patulin production. The mold used throughout this study was B. nivea Westling strain NRRL-2615. This strain was selected for examination since previous studies demonstrated its ability to produce high quantities of patulin (13) . Cultures were grown on potato dextrose agar (pH 5.5) at 30°C for 8 ed the conidia and vegetative cells but was not lethal to ascospores. Serial dilutions of the suspension were surface plated on potato dextrose agar, and colony counts were determined after 4 days of incubation at 30°C.
Sucrose was pasteurized by heating at 100°C for 24 h and then added aseptically to apple juice at various concentrations ranging from 20 to 130 g per 100 ml. Moderate heat was applied to dissolve the sucrose at high concentrations. Syrups were cooled and inoculated with a suspension of B. nivea at the rate 1.0 ml per 100 ml juice. Syrups (10 ml) were dispensed in sterile screw-capped test tubes (16 by 150 mm) and incubated at 21, 30, and 37°C for up to 44 days before being analyzed. Samples were visually examined for mycelial growth and analyzed for patulin content at intervals of 1 to 2 days during the incubation period.
The soluble solids content of the syrups was determined by measuring the refractive index in a Bausch & Lomb refractometer at 20°C. Values are expressed as percent soluble solids.
The a, of syrups was determined by using a Beckman Hydgroline Recorder (model VFB; Beckman Instruments, Cedar Grove, N.J.). Measurements were made at the temperature at which the samples were incubated.
At the end of each incubation period, the mycelial mat was removed, and syrups were extracted for 2 min under constant agitation with an equal volume of ethyl acetate. Upon separation of the two phases, a Pasteur pipet was used to transfer the upper phase to a 30-ml screw-capped test tube. The extraction procedure was repeated and extracts were combined; 4 ml of distilled water and 300 ,u of 20% Na2CO3 were added to the combined extracts. Samples were mixed for approximately 2 min, and the phases were allowed to separate. The upper phase was transferred to a 500-ml round-bottomed flask and evaporated with a flash evaporator to a volume of approximately 5 ml in a 48°C water bath. The extract was transferred to a 2.0-ml vial and evaporated to dryness under a stream of nitrogen by immersing in a 45°C water bath. The of patulin per ml of apple juice can be detected as a yellow spot on thin-layer chromatography plates by using this procedure. (2) reported that the lowest a, for growth of B. nivea in fruit juices and nectars supplemented with sucrose was 0.90. At an a, of 0.890 or below, no growth was observed. Orth (10) examined the influence of a, on the germination of B. nivea and other mycotoxigenic molds. He reported that growth occurred at a, as low as 0.840 in a nutrient broth.
In the present study, patulin production by B. nivea was restricted to a higher range of a, as compared with the a, range at which growth occurred. As temperature increased from 21 to 37°C, the minimum a, at which patulin was produced decreased. The lowest a, at which patulin was produced was 0.950 at 37°C after 10 Northolt and Bullerman (7) studied the effects of temperature and a, on the growth and mycotoxin production of several mycotoxigenic molds. Data indicated that patulin production by Penicillium clavatus, Penicillium expansum and Penicillium griseofulvum was confined to high a,. The lowest a, that supported patulin production by P. griseofulvum was approximately 0.940 at 30°C.
Results obtained in the study reported here with B. nivea confirm those of Northolt et al. (8) . These workers reported that the lowest aw permitting production of patulin by Penicillium patulum was 0.950. Growth was observed over a wide range of aw for Penicillium and Aspergillus species, but patulin production was limited to a very narrow region of high aw values.
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